INTRODUCTION

Measurements of electric and magnetic fields in working environments have increased because of the public concern about the fields. Due to the possible health effects of the fields, the ICNIRP (International Commission on NonIonizing Radiation Protection) has published guidelines, in which upper limits for occupational exposure have been
presented [1] . Based 
REVIEW OF PRESENT GUIDELINES
The basic restriction of the ICNIRP guidelines at the power frequency band is 10 mA/m 2 [1] . ICNIRP guidelines are also the basis for the Council of the European Union recommendation on public exposure. The Council of the European Union (EU) has recommendations for the general public exposure to electromagnetic fields [4] .
Reference levels for fields are obtained from basic restrictions by mathematical modelling or by extrapolation from laboratory investigations at specific frequencies. In reference levels, additional safety factors are used [1] . At 50 Hz the guidelines are 100 µT for the public and 500 µT for the occupational exposure. The following requirement can be applied to the magnetic field exposure [1, 4] :
where B j is the magnetic fields at frequency j, and B L,j is the reference level at frequency j. Upper magnetic field limits are different for public and occupational exposure. Reference levels of ICNIRP guidelines are presented in Table 1 .
In practice, e.g., the public reference level is obtained with the equation 2, when the frequencies are 25 … 800 Hz.
where f j is the magnetic field frequency, and B L,1 is equal to 100 µT for the public exposure. However, the same form appears also with the occupational exposure.
This means that the equations 1 and 2 can be converted to the form 3 when they are applied for exposure at frequencies 50 Hz ... 65 kHz for occupational and 50 Hz ... 150 kHz for public exposure. [5, 6] 
C C I I R R E E D D
where R is the exposure relationship, and k is index of harmonic frequency. The meaning of the ICNIRP guidelines and EU Council recommendation is that the harmonic components occur simultaneously [1, 4] 
By that means the exposure relationship R can be presented as follows.
And further the 50 Hz component of the magnetic field can be calculated as follows.
However, this may be far from the actual situation. The harmonic frequencies can even reduce the peak value of power frequency field due to phase displacements. A more accurate analysis can be presented, when the harmonic components are added considering the phase angles [7, 8] . Thus, the value K 2 for any time value t can be presented as follows. (7) where k ϕ is the phase angle and φ k is a biological correction angle at frequency k⋅50 Hz [7, 8] .
The limit value for R is less or equal to one as presented previously in the equations 1, 3 and 5. The equation 7 has the same form as is in the equations of the Decree on the Upper Limits of Public Exposure to Non-Ionizing Radiation by Finnish Ministry of Social Affairs and Health in 2002 [9] .
The form of the equation 7 has been based in the latest ICNIRP statement, which is a guide for determining exposure to pulsed and non-sinusoidal waveforms [8] . Measurement methods in the latest statement can be considered as additional methods for the methods presented in previous guidelines [1, 4] .
WORKING NEARBY CABLE LV SWITCHGEARS
The first step in this study was to familiarize us with the working situations nearby cable LV switchgears. Possible working tasks nearby were considered, when clarifying the measurement distance. In detection of the dead bus bars the minimum distance to the bus bars was 40 cm. The duration of the working task was 13 seconds, and the distance vary between 40 … 60 cm.
Replacement of a fuse consisted of detection of the dead feedings, replacement of damaged fuses and second voltage detection to confirm the properly operation. The duration of this working task was about 50 seconds, and the distance vary between 40 … 100 cm.
In measurement of the load current labour has to work quite close by the cable LV switchgear. The minimum distance from the bus bars to the worker's head was 20 cm. The minimum distance of the chest was 40 cm. The duration of the working task for one feeding was 30 seconds, and the distance of the head vary between 20 … 60 cm and of the chest between 40 … 60 cm.
MEASUREMENTS
At the beginning, the feeding and loading cables, parallel cables, and dimensions of the switchgears were clarified. The actual measurement set was started with the measurement of the load current. The minimum load current was 200 A to consider the switchgear in the magnetic field study and to continue the measurement set in the place.
One of the goals of these measurements was to ensure prototype switchgear measurements, which were decided to investigate after this preliminary measurement study. For this reason the measurement method was carefully studied, and the method was further developed during the measurements in this study. Based on the measurements, it was got a concept about a perfect measurement method for the prototype switchgear measurements.
Four cable LV switchgears in service were measured. Magnetic fields were scaled with a scale factor. Thereby, the magnetic field results in the particular cable LV switchgear can be compared. Measurement results are presented in the Table 2 .
In the Table 2 Meas. ID is the measurement identification, Time is the measurement time, I is the load current during the measurement, Scale Factor is the maximum load current during the measurement divided by present load current, Distance is the measurement distance from the bus bars, Height is the bus bar in the measurement height (phases L1 … L3, PEN is combined protective earth and neutral conductor), B 50Hz is the magnetic field 50 Hz component, K 2 is the corresponding resulting cumulative level of the magnetic field harmonics, B ref.level is the reference level of the magnetic field 50 Hz component and R is the exposure relationship. From the Table 2 it can be observed that the corresponding resulting cumulative level of the magnetic field harmonics vary between 1.11 … 6.29. That influences to the reference level of the magnetic field 50 Hz components and cause high variation in the reference levels.
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The occupational exposure relationship for workers exceeded value one twice for the measurement A2129. Three exceedings for public were measured with measurement A0055. The exceeding was avoided only slightly with measurement A1598. However, the load currents were quite low compared with rated current 630 A, thus the exceeding may occur more commonly with higher loads.
CALCULATION RESULTS
Magnetic field was calculated analytically in order to get more information about the influence of the cable LV switchgear structure. Calculation method has been presented in references [5, 6] . Switchgear A1598 was considered in calculations. Figure 4 presents the calculated magnetic field results at the height of bus bar L2.
Calculation results point out, that the magnetic field may exceed the occupational reference value for workers even at the distance of 0.5 m and for public at the distance of 1 m with these quite low loads. Furthermore, the corresponding resulting cumulative level of the magnetic field harmonics have high influence on how far the exceedings may occur.
MITIGATION OF THE MAGNETIC FIELDS
In designing the LV power systems, the technical and economical factors, as well as the safety, are the main criteria. However, the mitigation of the magnetic fields can also be considered already at the design phase.
Possible mitigation methods for cable LV switchgears are, e.g., increasing the distance to the observation point, shielding, improving the placing of the PEN conductor in the LV switchgears and optimising the position of the feedings and the loads in the LV switchgears. 
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DISCUSSION
In the vicinity of the LV switchgears the measured magnetic field values exceeded 50 Hz reference value treated with harmonics. Introduced guidelines and the directive presented reference levels for different frequencies and a reference level criterion for summing up different magnetic field harmonics. The basic restrictions in the guidelines and the directive are presented as current density values, which cannot be measured while working. If the harmonics were considered the exceedings of the reference levels were obvious.
Results presented in this paper were considered when planning a laboratory investigation for prototype cable LV switchgear. A goal for that laboratory investigation will be a new advanced cable LV switchgear product.
